Abstract-In LTE multi-service communication system, a trade-off between QoS assurance and fairness is a challenging issue, since the QoS provisioning at the cost of starving users in low service demand classes is not favorable for the operator. In this paper, we adopt the time-domain Knapsack algorithm and fine tune it to provide fair resource allocation while support QoS requirements in LTE downlink scheduling system when the bearers are from different classes of service, having different QoS characteristics. We demonstrate that more efficient performance can be achieved in two aspects of fairness and QoS provisioning in terms of normalized throughput, and packet loss and delay rate, which are evaluated using simulation results.
I. INTRODUCTION
In recent years, number of mobile devices is going to be increased and more users are using data services via the applications. In this regards, the mobile communication world faced considerable changes whereby delivering the resource-demanding applications and services are also highly extending. These ever-growing services have different quality of service requirements needed to be fulfilled efficiently as one the most important LTE targets. Furthermore, it is another crucial problem to accomplish fairness target as well, whereas each target can be applied at the cost of reducing another one. The traffic from the attacks or viruses as well as greedy applications such as VoIP, video streaming may overwhelm the network. The mobile bandwidth overload may cause unfair resource allocation and quality of service degradation.
In response to these fundamental problems, many research works sought to develop resource allocation algorithms to fulfill desired performance targets and be customized to a wide domain of various network scenarios having particular specifications [1] - [3] . Therefore, many multi-level algorithms have been proposed in the context of LTE resource scheduling [4] . The idea behind the multi-level algorithms is to address each performance target in a single level to reduce the complexity [5] . In this regard, a flexible QoSoriented scheduler, divided into Time Domain (TD) and Frequency Domain (FD), was introduced in [6] for realtime video traffic. The proposed algorithm considers arrival rate and head of line packet delay as influential QoS factors for multiuser resource distribution. The authors in [7] proposed an Optimized-Service Aware (OSA) scheduler partitioned into three separate stages: QoS classes identified classification, time-domain and frequency-domain scheduling. Authors in [8] proposed a two-level solution by combining the well-known algorithms Modified-Largest Weighted Delay First (M-LWDF) [9] and Exponential Rule (EXP-RULE) [10] with cooperative game theory idea to distribute system resources fairly among real-time services. However, this combinatorial algorithm does not account all service classes defined in LTE specifications.
To support the QoS enhancement for all classes of services, the authors in [11] introduced Knapsack scheduling algorithm with emphasis on overload states. This class-based resource allocation algorithm supports QoS constraints by ordering the bearers using a rank value calculated based on the multiple metrics, including GBR/Non-GBR class priority, bearer queue status, packet loss and delay. In [12] , the normalized throughput parameter was added to these metrics for computing the bearers' rank value to provide a throughput-aware resource allocation scheme. However, the fairness resource sharing among these services forms a major challenge as well as QoS support in current LTE networks.
In this work, we propose an opportunistic approach to provide an efficient resource allocation mechanism that supports class-based QoS enhancement and fair resource sharing simultaneously. This solution is decoupled between two phases in the way that through the first phase the fair share for each class of bearers is defined proportionally and through the second phase all bearers are prioritized using a normalized ranking function compromising QoS factors and then the predefined class share of resources are allocated to the bearers accordingly. Our proposed strategy can be viewed as a theoretical complementary of the work [11] . The performance of the scheme is evaluated by comparing with Knapsack and priority only algorithm as reference scheduling schemes with the help of simulation results. The fairness assessment is done in terms of throughput [13] for GBR and Non-GBR QoS classes, and QoS assurance is measured in terms of system packet loss rate and delay.
II. SYSTEM MODEL
In this paper, OFDMA based 3GPP-LTE Downlink system with an E-UTRAN NodeB (eNB) (the base station in LTE networks) is considered. Each OFDMA frame of the LTE radio channel is constructed in the time and frequency domains. It contains ten 1ms sub-frames in time domain and a sub-channel of 12 consecutive same size sub-carriers in frequency domain. A single sub-carrier covers 15 kHz and the subchannel subsequently 180 kHz of the spectrum. The basic resource unit for mapping the radio resources to active users is named Resource Block (RB). Each RB spans over a 0.5 ms time extent and one sub-channel [14], [15] . The resource scheduling process is performed every Transfer Time Interval (TTI) which lasts one ms. We assume 5MHz bandwidth, consisting of 25 RBs in time-frequency domain and 330 active users in a single cell scenario.
It is supposed that the resource scheduling procedure is decoupled between time-domain scheduler and the frequency-domain scheduler separately, in the way that time domain scheduler selects an optimal set of bearers to be served and the required number of RBs for each bearer. Then in the next phase, frequency domain scheduler defines the most suitable RBs to be assigned to each bearer from the selected set of the prioritized bearers [16] . This separation can make it easier to optimize each step of scheduling independently and result in significant reduction of computational complexity [17] . The focus of this paper is the phase in which the time-domain packet scheduling is involved.
Here, the scheduling architecture works on a service bearer level where, a bearer is considered to convey a service data flow. The bearers have their own service characteristics, depend on the application coming from, and are grouped into two divergent Guaranteed Bit Rate (GBR) and Non-Guaranteed Bit Rate (Non-GBR) groups. GBR bearers typically carry real-time applications which are sensitive to delay and need to be served with a guaranteed bit-rate. The 3GPP has standardized the corresponding service characteristics of the bearers into 9 Quality Channel Indicator (QCI) classes (shown in Table I ) to ensure that the bearers belong to the same class of services, receive the same minimum level of service quality [18] . Therefore, all bearers resided in a particular QCI class must follow a common rate and scheduling policy while fulfilling the QoS class-based constraints.
In this regard, the Knapsack scheduling algorithm has been proposed as an opportunistic downlink scheduler. In the first step of this algorithm, the GBR bearers are assigned resources to allocate and ensure their guaranteed bit-rate. Then, the remained unassigned resources are divided among Non-GBR bearers and the queued packets of the GBR bearers to get resources further up the already provided guaranteed bit-rate. Through this step, list of candidate bearers is sorted according to their rank value and a subset of the highest ranked bearers is selected to be resource allocated. The Knapsack algorithm supports QoS class-based application constraints. However, the optimal scheduling policies need to be optimal under the fairness issues as well.
III. CLASS-BASED PROPORTIONAL ALLOCATION SCHEME
The exact resource allocation solutions are required to distribute resources fairly among the users while keeping in check the QoS requirements for every class of traffic. To address this challenging issue of the LTE networks, the present paper introduces a resource allocation scheme in two main phases. Through the first phase, resource-to-class distribution is performed in the way that class-based fairness is achieved and through the second phase the resource-to-bearer allocation is performed in the way that QoS requirements of the bearers are provided. As can be seen in Fig 1, after classifying the active bearers into 9 QCI classes, as defined in LTE specifications, according to their QoS characteristics and depending on the application coming from, the accumulated resource demand by each class of bearers is calculated. We suppose that each class c contains n c bearer, and each bearer i demands d i resource block. Therefore, the accumulated resource demand for class c is calculated as follows:
Then in the last step of the first phase, the available system resources are distributed among the QCI classes based on their accumulated resource demands proportionally as follows:
where S c is the resource share assigned to class c and RB is the set of available system resources.
Further to support the QoS requirements of the bearers in LTE downlink multi-service system, in the second phase, the classes' resource chunk defined in the first phase are allocated to the bearers of each class based on the bearers' QoS requirements. All the system active bearers are sorted according to their rank value in descending order, which is computed by using the normalized ranking function [11] which is a combination of four individual ranking functions of QoS metrics (delay, loss, queue depth and priority). 
where p i is the adjustable weight for each QoS metric assigned by the operator and x i is the normalized value of QoS metric i.
Consequently, the overall rank value RV for a given bearer can be calculated by the following aggregated normalized rank function represented as follows:
∀i ∈ {delay, loss, queuedepth, priority}.
Then in each iteration the bearer with the highest rank value is selected to be resource allocated by applying the Knapsack algorithm [11] if there is any unallocated resources in class c that the selected bearer is coming from. The Knapsack algorithm measures the maximum amount of bits from each bearer, possible to be delivered by the available predefined chunk of resource blocks. This loop continues till all the bearers are resource allocated or no resource block is remained unallocated.
IV. RESULTS AND DISCUSSION
In previous section, a class-based proportional allocation scheme was proposed for multi-service downlink LTE system. To perform and evaluate our proposed scheme we applied the same scenario and simulation platform as defined in [19] . The fairness and QoS performance of the proposed scheme is compared with respect to the basic Knapsack algorithm and priority only algorithm. The priority only algorithm serves the queued bearers waiting for resource allocation according to the simple priority queuing approach, so that the bearer with higher QoS priority is served preferentially. The fairness performance of the classbased proportional allocation algorithm is evaluated by computing the normalized average throughput per class, which has been described in IEEE 802.16m standard [20] and represents the ratio of each QCI class throughput R c over the long term of simulation time to the accumulated average throughput of all classes. Therefore, the normalized throughput of class c is calculated as follows:
where j is the index of QCI class.
The QoS performance results are presented in terms of system packet loss ratio and system packet delay in Figs. 2 and 3 respectively. The system loss of the proposed scheme is improved in compare with the Knapsack algorithm while 90% of the system traffic experience 45, 50 and 55 (Mbps) loss ratio over the priority only, class-based proportional and Knapsack algorithm respectively. In terms of the system packet delay, the proposed scheme results almost same as the Knapsack algorithm. The maximum packet latency experienced by the whole system, during simulation time, by both class-based proportional and Knapsack algorithms is equal to 160 (ms) and by priority only algorithm increases till 500 (ms).
To evaluate the fairness performance in balance with the QoS, the normalized throughput results for GBR and Non-GBR classes are shown separately in Figs. 4 and 5 respectively. As can be seen in these figures, the normalized throughput results of all QCI classes for the proposed scheme are improved in compare with the reference algorithms. In GBR batch the 
V. CONCLUSION
This research paper addressed Time-domain resource scheduling with QoS and fairness constraints for different service classes in LTE networks. The desired solution which is selecting and scheduling the best candidate bearers and assigning them the fair share of resources was provided by using the classbased proportional method combined with the Knapsack algorithm. The simulation results demonstrate that the fair resource allocation in downlink scheduling scheme among the QCI classes with the same number of bearers is achieved along with the QoS provisioning in terms of system loss and delay. The future work can focus in using other optimal solutions to provide a fair resource distribution and study of the proposed scheme in uplink system. 
